The conditon for a diffuser to produce the maximum speckle contrast reduction using the minimum number of distinct phase patterns is derived. A binary realization of this optimum diffuser is obtained by mapping the rows or columns of a Hadamard matrix to the phase patterns. The method is experimentally verified in the Grating Light Valve laser projection display.
aperture (NA) because the minimum cell size ~ λ/NA. The set of the M phase cells that covers one resolution spot constitutes a phase pattern. Temporally varying the phase pattern faster than the detector's temporal resolution will effectively destroy the spatial coherence of the light coming from the phase-cells, thereby reducing the speckle contrast. If the maximum reduction,
M
1/2 , is achieved with the minimum number of distinct phase patterns, M, the speckle reduction is referred to as optimum. The purpose of this Letter is to derive the condition for the optimum diffuser and to present a binary realization.
Let a square (so called for mathematical simplicity) detector-resolution spot be divided into M = N 1 N 2 equal cells arranged in N 1 rows and N 2 columns, as shown in Fig. 1(a) . If the detected optical field from the ij th cell on the screen is E ij , where i = 1, 2, … , N 1 and j = 1, 2, … , N 2 , the speckle intensity of the resolution spot is 
The fields add together on an amplitude basis, and the speckle contrast remains unreduced. Here the speckle contrast is evaluated over an ensemble of resolution spots. Suppose a diffuser that imprints M phase cells with phase φ a ij is superimposed upon the original resolution spot, as shown in Fig. 1(b) . Suppose further that A different phase patterns are sequentially presented with equal duration during the detector's integration time; then the speckle intensity becomes ∑ ∑∑
where h 
The averaging forces the cross-terms to vanish. The M cells decorrelate from each other, and their contributions become independent. Unlike in Eq. (1), the fields now add together on an intensity basis, and therefore the speckle contrast is reduced by a factor of M 1/2 . This reduction is maximum because the upper limit of independent configurations that can be generated is M. It is also clear that the number of phase patterns to produce M independent speckles cannot be fewer than A min = M. In fact, the traditional random diffuser needs a large number (theoretically infinite) of phase patterns to reach the M 1/2 reduction 4 . Therefore the set of phase patterns that produces the optimum speckle reduction must satisfy
Next it will be shown that a family of binary phase patterns, derived from the rows or columns of a Hadamard matrix 6 , can be used to achieve Eq. It is a pleasure to thank Joseph Goodman for his inspiration on the subject of speckle.
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